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ABSTRACT:  
This thesis is focussed on the palaeonvironmental and climatic changes occurred during the period 
between 130 and 70 ka (including the whole Last Interglacial Complex), with the aims to 
investigate the long-term climate variability on environment, on the basis of high resolution pollen 
data from Lake Ohrid sediments (Albania/F.Y.R.O.M. border), the oldest lake in Europe and one of 
most ancient in the world. The climate reconstruction obtained from pollen data is based on a wider 
interval, 160-70 ka. 
Lake Ohrid is located in a key region at the confluence of central European and Mediterranean 
climate influences and as already demonstrated by previous studies, has an important role for the 
study of the climatic and environmental changes occurred during the millennia in the Balkan and 
European areas.  
The investigated pollen material comes from the sediments retrieved in spring 2013 in the frame of 
the project SCOPSCO (Scientific Collaboration on Past Speciation Conditions in Lake Ohrid) 
whose drilling was financed by the ICDP (International Continental Scientific Drilling Program). 
During the drilling campaign 6 parallel cores have been collected from the depocenter of Lake 
Ohrid obtaining an extraordinary composite sequence 569 m long (DEEP). 
The upper 247.8 m of DEEP core have been dated using tephrostratigraphic information and tuning 
of biogeochemical proxy data to orbital parameters and covers the last 637 ka. In the framework of 
this careful temporal establishment, an even more precise chronology for the Last Interglacial 
Complex, and in particular for the transition between MIS6 and 5, was obtained by comparing 
pollen data from the same period with other DEEP and Mediterranean proxies. This make Lake 
Ohrid extremely important because for the other records from Mediterranean and European area 
such chronological constrains are not available and so the chronologies are less precise. 
The pollen analysis results come from the uppermost 200 m of the DEEP core (covering the last 
500 ka) and revealed a succession of non-forested and forested periods clearly connected with 
glacial–interglacial cycles of the marine isotope stratigraphy.  
  
Among the different glacial-interglacial cycle, the new high-resolution pollen stratigraphy of the 
Last Interglacial Complex shows the classical alternation of periods characterized by forest 
(interstadials, warm and wet periods) and open vegetation (stadials, cold and dry periods), clearly 
resembling the well-known vegetational and climate succession of other European records.  
Concerning the Last Interglacial (or Eemian, 128-112 ka, roughly equivalent to MIS5e), pollen 
analysis and climate quantitative reconstructions identify three key phases with a slight different 
timing, with an initial phase characterized by a sudden warming (propagation of mesophilous 
forests), then a decrease of temperatures associated with wet conditions (expansion of Carpinus 
betulus) and at the end a progressive establishment towards cold and dry conditions until the 
termination of Eemian at 112 ka, confirming what other previous studies on European records said, 
namely Eemian was not a stable period.  
Several abrupt events are in also identified, during the successive stadials and interstadials (Early 
Last Glacial), probably correlated to the succession of cold events recorded in the Greenland ice 
core records, associated to a weakening of the North Atlantic Meridional Overturning Circulation. 
This work provides a new pollen reference sequence for the Last Interglacial Complex in Europe 
and concerning climate reconstruction provides new information for a period (160-70 ka, from the 
last part of Riss Glaciation to the beginning of Würm Glaciation) still poorly investigated in Europe, 
mostly in the south (< 45° lat. N), where only one record has been studied for the whole interval, 
with high resolution time. 
According to my results, Lake Ohrid can be considered a key role site for the investigation of the 
climatic changes occurred in centennial and millennial scale in a region of mid-altitude between 
European and Mediterranean areas, providing furthermore new evidence for the connection between 
the Europe and Northern Hemisphere climate oscillations. 
RÉSUMÉ:  
Le réchauffement global est au cœur des débats scientifiques actuels et soulève de nombreuses 
questions quant à la dynamique des variations climatiques et aux impacts possibles sur notre 
  
environnement. Une meilleure compréhension de la variabilité climatique dans le passé s’avère 
donc nécessaire et de nombreux efforts ont été entrepris depuis quelques décennies dans différents 
domaines de la climatologie actuelle et de la paléoclimatologie pour mieux comprendre la 
variabilité du climat au cours du temps.  
Comme le montre les études basées sur les sédiments marins, les données continentales (flore et 
faune) et carottes de glace, le climat varie au cours du temps. Le Quaternaire est ainsi caractérisé 
par des cycles climatiques rapides et de grande amplitude, les cycles interglaciaires-glaciaires dont, 
depuis le Pléistocène moyen, la période est d’environ 100 000 ans.  
Dans l'interglaciaire actuel, l'Holocène, l'impact anthropique a pu avoir masqué le changement 
climatique. Dans le monde entier, l’impact de l'activité anthropique est de plus en plus important et 
les activités humaines peuvent constituer une menace non seulement pour la biodiversité, et les 
écosystèmes. Selon les données actuelles, l'Holocène peut être près de la fin de son parcours naturel 
et une nouvelle période glaciaire pourrait commencer bientôt, si ce n'était pour un réchauffement 
climatique progressif.  
Pour comprendre les changements climatiques actuels et futurs, il est primordial étudier l'évolution 
de la végétation et du climat pour certaines périodes clés du passé, notamment celles caractérisées 
par peu ou pas d’impact humain. Dans ce cadre, le dernier interglaciaire (ou Eémien, 128-112 ka) 
est une période particulièrement importante pour la communauté des paléo-environnementalistes, 
car très proche de l'Holocène. 
Cette thèse est centrée sur les changements paléoenvironnementaux et climatiques survenus dans le 
période entre 130 et 70 ka (qui comprend l'ensemble du dernier complexe interglaciaire), pour 
étudier la variabilité du climat à long terme sur l'environnement, sur la base des données de pollen à 
haute résolution provenant des sédiments du lac Ohrid (Albanie / F.Y.R.O.M), le plus ancien lac 
d'Europe et l'un des plus anciens du monde. La reconstruction du climat obtenue à partir des 
données polliniques est basée sur un intervalle plus large, 160-70 ka. 
  
Le lac Ohrid est situé dans une région clé, à une zone de confluence entre influences climatiques 
d'Europe centrale et méditerranéenne. Le matériel pollinique provient des sédiments prélevés en 
2013, dans le cadre du projet SCOPSCO (Scientific Collaboration On Past Speciation Conditions in 
Lake Ohrid) dont le carottage a été financé par l'ICDP (International Continental Scientific Drilling 
Program). Pendant la campagne de carottage, 6 carottes parallèles ont été prélevées à partir de 
l’épicentre du lac, obtenant une séquence composite «extraordinaire» de 569 m (DEEP). 
Les 247.8 m supérieurs de la carotte DEEP ont été datés par téphrostratigraphie et tuning des 
proxies biogéochimiques et des paramètres orbitaux: ils couvrent les derniers 637 ka. Nous avons 
amélioré le modèle d’âge pour le Dernier Complexe Interglaciaire et en particulier pour la transition 
entre MIS6 et 5, en comparant les données polliniques de la même période avec d'autres proxies de 
la carotte DEEP et de la Méditerranée. Cela rend le lac Ohrid extrêmement important car pour les 
autres enregistrements de la région Méditerranéenne et Européenne, de telles contraintes 
chronologiques ne sont pas disponibles et donc les chronologies sont moins précises. 
L'analyse des premiers 200 m de la carotte DEEP, couvrant les derniers 500 ka, a été étudiée avec 
une résolution de 1,6 ka. La séquence a révélé une alternance entre des ouvertures forestières et 
périodes boisées reflétant une cyclicité glaciaires-interglaciaires comparable à celle de la 
stratigraphie des isotopes marins. Parmi les différents cycles glaciaires-interglaciaires, l’analyse 
pollinique à haute résolution du Dernier Complexe Interglaciaire montre l'alternance classique de 
périodes caractérisées par la forêt (interstades, périodes chaudes et humides) et la végétation ouverte 
(stades, et périodes sèches), ressemblant clairement à la succession végétale et climatique bien 
connue des autres séquences européennes. 
Concernant le Dernier Interglaciaire (ou Eémien, 128-112 ka, plus ou moins équivalent à MIS5e), 
l'analyse pollinique et les reconstructions quantitatives climatiques basées sur ces dernières 
identifient trois phases clés: une phase initiale caractérisée par un réchauffement soudain 
(propagation des forêts mésophiles), puis une diminution des températures associées à des 
conditions humides (expansion de Carpinus betulus) et à la fin un établissement progressif vers des 
  
conditions froides et sèches jusqu'à la fin de Eémien à 112 ka, confirmant l’hypothèse déjà avancée 
par plusieurs études antérieures basées sur des séquences polliniques européennes  , à savoir que 
l’Eémien n'était pas une période climatiquement stable. 
D’autres changements climatiques sont également visibles dans la région du lac Ohrid entre 112-70 
ka. Ces derniers sont probablement liés à la succession d'événements froids enregistrés dans les 
carottes de glace du Groenland, associé à un affaiblissement de l’AMOC (Atlantic Meridional 
Overturning Circulation). 
Ce travail a permis de fournir une nouvelle séquence de référence pollinique pour le Dernier 
Complexe Interglaciaire en Europe. Ce travail a également permis de quantifier les paléoclimats 
pour la période 160-70 ka, (de la dernière partie de la glaciation de Riss au début de la glaciation de 
Würm) encore peu étudiée en Europe, principalement dans le sud (<45 ° lat. N), où un seul 
enregistrement a été étudié pour toute la période, avec une résolution temporelle élevée. 
Sur la base de ces résultats, le lac Ohrid apparait comme un site clé pour l'étude des changements 
climatiques survenus à une échelle centenaire et millénaire dans une région de moyenne altitude 
entre les régions européennes et méditerranéennes, fournissant en outre des nouvelles informations 
sur la connexion entre les oscillations climatiques de la région méditerranéenne et de l'Hémisphère 
du Nord. 
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INTRODUCTION:  
In the recent years, global warming has become the focus of scientific debates, raising several 
questions about the dynamics of climate changes and their possible impact on the environment. 
Nowadays the impact of anthropogenic activities (i.e. greenhouse gas, intensive land-use) on 
climate is increasing causing possible disastrous consequences in future (e.g. Houghton et al., 1996; 
Ruddiman et al., 2016).  
As widely demonstrated studying deep-sea sediments, continental proxies (e.g. lacustrine 
sediments, speleothems) and ice cores, climate varies naturally (e.g. Berger, 1978; Imbrie et al., 
1993; Petit et al., 1999). During the last 2.75 million year, glacial-interglacial cycles have alternated 
due to changes on Earth’s orbital parameters (precession, obliquity and eccentricity; Hays et al., 
1976; Imbrie et al., 1992; Shackleton et al., 1984; Tzedakis et al., 1997; Raymo et al., 1989). The 
progress of global warming should be contradicted because the current Interglacial, the Holocene, 
could be over the end of its naturally course and a new glacial phase could be forthcoming (e.g. 
Change et al., 2001; Houghton et al., 1996; IPCC, 1996 and following ones; Ruddiman et al., 2015). 
Indeed, for analogy with the closest analogous of current interglacial (for its orbital configuration at 
the time) namely MIS 19 (Marine Isotope Stage, Giaccio et al., 2015; Oliveira et al., 2017), we 
actually would be at the gate of a new ice age. MIS 19 interglacial lasted 10.8 ± 3.7 ka, comparable 
to the time elapsed since the onset of the Holocene. However, greenhouse gases concentrations 
during MIS 19 were significantly lower than those of the late Holocene (e.g. Giaccio et al., 2015) 
during which, in all parts of the Earth, greenhouse gases are increasing and a consequent 
temperature stability is registered rather than a shift toward glaciation (e.g. Change et al., 2001; 
Houghton et al., 1996; IPCC, 1996; Ruddiman et al., 2015).  
For the interpretation of the current climate and environment and to infer possible future scenarios, 
it’s important to distinguish between natural and anthropogenic factors, but this is becoming 
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increasingly difficult. For this reason the solution is to investigate the evolution of vegetation and 
climate variability in certain key periods of the past, where human impact was absent.  
Under this light, the study of an interglacial (Eemian), similar to the present one, human impact 
included, can be even more important than the investigation of an interglacial (MIS 19) more 
similar from an astronomical point of view. As already mentioned, in fact, the future of our World 
could have a better analogue in the Eemian. 
In this framework, the Last Interglacial Complex (LIC, 130–80 ka, Govin et al., 2015; Turon, and 
references therein), the terrestrial equivalent of Marine Isotope Stage 5 (MIS 5) of the marine 
benthic isotope stratigraphy (Shackleton et al., 2003), provides interesting hints to interpret the 
present-day environment and to infer its potential future changes. In particular, within it, the Last 
Interglacial (LI or Eemian, 130-110 ka, Turner, 2002), roughly equivalent of Marine Isotope 
Substage 5e (MIS 5e, Shackleton et al., 2003; Sánchez-Goñi et al., 1999, 2002, 2007, 2012) is 
considered a key period for the community of researchers. According to different studies based on 
pollen data, the LI were warmer (up to 2 ˚C above present in Northern Hemisphere, CLIMAP 
Project Members, 1984; Bauch and Erlenkeuser, 2003) and more humid than today (Guiot, 1990; 
1993; Kukla et al., 2002; Fauquette et al., 1999; Klotz et al., 2003). These characteristics make it the 
new best analogue of the Holocene, considering that humidity and temperature increasing in the 
near future may find a good simulation in its sediments. 
The Eemian was characterized by glacial ice sheet reduction (Emiliani, 1955; Shackleton et al., 
2003) and high sea level (Shackleton, 1969). These conditions favored the development of forested 
vegetation in Europe, until the inception of the Last Glaciation (e.g. Stirling et al., 1998; Gallup et 
al., 2002). According to the available pollen data, the Last Interglacial was characterized in southern 
Europe by deciduous forests (e.g. Allen et al., 2009; Beaulieu and Reille, 1984, 1992a and 1992b; 
Follieri et al., 1988; Milner et al., 2016; Pickarski et al., 2015a; Tzedakis, 1999, 2003; Tzedakis and 
Bennet, 1995; Tzedakis et al., 2003 and 2006; Wijmstra, 1969; Wijmstra and Smit, 1976) easily 
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identifiable in records by a clear vegetation succession. It is indeed preceded and followed by a 
steppic taxa vegetation typical of cold and dry environments (Turner and West, 1968).  
Besides the Eemian interglacial, the terrestrial stratigraphy of the LIC comprises a succession of 
stadials (cold and dry conditions) and interstadials (warm and wet conditions) periods, which 
constitute the Early Last Glacial (commonly named Early Würm in Europe). 
This thesis is focused on the palaeonvironmental and climatic changes occurred during the period 
between 130 and 70 ka (including the whole Last Interglacial Complex), with the aims to 
investigate the long-term climate variability on the environment, on the basis of high resolution 
pollen data from Lake Ohrid sediments, located in the Balkan Peninsula (Albania / F.Y.R.O.M. 
border) at 693 m a.s.l. The climate reconstruction obtained from pollen data is based on a wider 
interval, 160-70 ka (from the last part of Riss Glaciation to the beginning of Würm Glaciation) still 
poorly investigated in south Europe (< 45° lat. N), where only one record has been studied with 
high resolution time. 
Fill the gap on the knowledge of high resolution studies during this key periods is becoming crucial 
for the comprehension of regional and global climate changes occurred over time. Indeed while 
previously it was thought that LIC and especially LI had a climate quite stable, now pervasive 
short-term (i.e., centennial to millennial scale) climatic variability is become apparent from several 
Mediterranean continental and marine records (e.g. Drysdale et al., 2007; Klotz et al., 2004; Milner 
et al., 2016; Mokeddem et al., 2014; Regattieri et al., 2014, 2015, 2016a, 2017). This climate 
fluctuations are related to glacial advance/retreat detected in the northern Atlantic Ocean (Bond 
events: Bond et al., 1992, Bond and Lotti, 1995; Heinrich events: Bond et al. 1993; Broecker, 1994; 
Surface ocean cooling: McManus et al., 1994; Oppo, 2006) and in the Greenland ice cores 
(Dansgaard-Oeschger events: Dansgaard et al., 1993). 
Lake Ohrid sediments come from an extraordinary composite sequence 569 m long (DEEP core) 
retrieved in the frame of the project SCOPSCO (Scientific Collaboration on Past Speciation 
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Conditions in Lake Ohrid), whose drilling was financed by the ICDP (International Continental 
Scientific Drilling Program). The project was created in order to: (1) obtain a continuous record 
containing information about the origin and the age of the lake, (2) investigate the regional seismic 
and tectonic history, and (3) evaluate the influences of geological and climatic events on biotic 
evolution which led to the extraordinary endemic biodiversity (300 species) of the catchment area. 
Preliminary results confirmed the exceptionality of Lake Ohrid. Its long continuous sedimentation 
history (more than 100 ka, Albrecht and Wilke, 2008), probably starting between 1.9 and 1.2 Ma 
(Wagner et al., 2014; Lindhorst et al., 2015) makes it the oldest lake in Europe and one of the most 
ancient in the world (Wagner et al. 2014; Lindhorst et al., 2015). This distinctive characteristic 
suggests that Lake Ohrid can be considered a key role site for the investigation of the climatic 
changes occurred through the millennia in Mediterranean area, as already shown by sedimentary 
records recovered in previous drilling campaigns (e.g. Lezine et al., 2010; Sulpizio et al., 2010; 
Vogel et al., 2010; Wagner et al., 2008, 2014, and 2017).  
The upper 247.8 m of DEEP core have been previously investigated in order to obtain lithological, 
sedimentological and (bio) geochemical data. The age model is based on 11 tephra layers and on 
tuning of bio-geochemical proxy data to orbital parameters. Results reveal an undisturbed and 
continuous archive of data spanning the last 637 ka (see Wagner et al., 2017).  
Data of this thesis derive from the study of pollen grains extracted from the lacustrine sediment of 
Lake Ohrid by a long routine chemical treatment, consisting of a series of acid and basis attacks 
(HCl 37%, HF 40% and NaOH 10%) to obtain a residue enriched in pollen suitable for observation 
and identification at transmitted light optical microscope. Pollen rain preserved in anoxic sediments 
is an invaluable investigative tool to reconstruct past environments (e.g. Fægri and Iversen, 1989; 
Birks et al., 2016) and quantify climate changes (e.g. Cheddadi et al., 1998; Guiot, 1990; Peyron et 
al., 2013), due to the relation between pollen grains production and climate conditions. Indeed, 
climate strongly influences the distribution and composition of vegetation, because every plant 
tolerates different ranges of temperature and moisture (Woodward, 1987).  
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Until today several pollen studies from lacustrine records have been made for the LIC period in 
Europe: Les Echets (eastern France, Beaulieu et Reille, 1984), Ribains (S-E France, Beaulieu and 
Reille, 1992b; Kukla et al., 2002), La Grande Pile (N-E France, Beaulieu and Reille, 1992b; 
Woillard 1978), Bouchet/Praclaux (southern France, Reille and Beaulieu, 1990; Reille et al., 1998), 
Mondsee (N-W Austria, Müller, 2000), Bispingen (northern Germany, Muller 1974), Furamoos 
(Southern Germany, Muller et al., 2003), Valle di Castiglione (central Italy, Follieri et al., 1988), 
Lago di Vico (central Italy, Magri and Sadori, 1999), Lagaccione (central Italy, Magri 1999), Lago 
Grande di Monticchio (southern Italy, Allen et al., 2009; Brauer et al 2007), Ioannina (western 
Greece, Frogley and Tzedakis 1999; Tzedakis, 1994a, 2003), Tenaghi Philippon, (N-E Greece, 
Milner et al., 2013; Tzedakis et al., 2006) and Kopais (S-E Greece, Tzedakis, 1999; Okuda et al., 
2001) and Lake Prespa (transboundary lake between Albania, FYROM and Greece, 
Panagiotopoulos et al., 2014). While, in the near East, Lake Van (Litt et al., 2014; Pickarski et al., 
2015) in eastern Turkey, Lake Urmia (Bottema, 1986; Djamali et al., 2008) in north-western Iran 
and Lake Yamounneh (Gasse et al., 2015) in northern Lebanon are the only long records with LIC.  
However, only few of these records have a sufficient temporal resolution to resolve short-term 
climatic oscillations within the LI and the onset of the Last Glacial., Thanks to the detailed 
chronology (see Francke et al., 2016; Wagner et al., 2017; Zanchetta et al., 2016) and the high time 
resolution analysis (roughly one sample every 400 years), this work on Lake Ohrid sediments is a 
valuable contribution to the knowledge of the period.  
The thesis is organized as a collection of 5 articles (of which one in submission, consequently it 
may vary in their definitive version) from journals present in Scopus and in Web of Science (5). 
Four of them are published or submitted to journal classified Q1 in SJR (Scientific Journal 
Rankings).  
The first CHAPTER (1) is composed by two articles (Bertini et al., 2016; Sadori et al., 2016), 
published respectively in Alpine and Mediterranean Quaternary 29 and Biogeosciences 13. In 
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Sadori et al. (2016) pollen data of the top 200 m of the DEEP sequence covering the last 500 ka and 
five glacial/ interglacial cycles (the sample resolution is 1600 years) are reported. I personally 
contributed with pollen identification and counting, analyzing 36 samples for Last Interglacial 
Complex (LIC, MIS 5) and 17 samples for Penultimate Glacial (MIS 6). In Bertini et al., 2016, the 
authors (myself included) summarized the main project results and described the protocol for 
laboratory and optical microscope analysis adopted for the entire research/project.  
In CHAPTER (2) the article published in Biogeosciences 13 (Zanchetta et al., 2016) is presented. It 
focuses on the improvement of chronology for MIS 5 trough comparison of other data from Lake 
Ohrid and other Mediterranean sequences. Thanks to this new age model a more precise correlation 
with other records is possible. I personally contributed to the article with my MIS 5 high-resolution 
data and with interpretation and writing.  
In CHAPTER (3) the article submitted to Quaternary Science Review (Sinopoli et al., 2018) is 
presented. It contains the high-resolution (400 years, 143 samples) analysis of the Last Interglacial 
Complex at Lake Ohrid. In the article pollen data are presented and compared with other pollen 
records and proxies from Mediterranean and North Atlantic areas. With this article I contributed to 
provide a new reference climatic series for southern Europe and to enhance the hypothesis of 
presence of forest refuges in the southern Balkans. I performed pollen identification and counting, 
writing most of the text. The article was sent back in the present, revised form, on 17 October. 
In CHAPTER (4) the article in submission (Sinopoli et al., 2018) in which climatic quantifications 
using a multi-method approach are made on the basis of pollen results described in CHAPTER 3 is 
included. In Europe, for the Last Interglacial Complex, few records were investigated for climatic 
quantification and they are principally located to the north of Mediterranean (see Brewer et al., 
2008).  With this article I contributed to improve climatic data for the Mediterranean region and in 
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particular for southern Europe. I performed climate reconstruction using R and writing most of the 
text. 
In CHAPTER (5) all data obtained during the PhD course are reported and summarized.  
In appendix I include the list of other publications / conference presentations I have produced 
during my PhD course. 
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CHAPTER 5: 
 
CONCLUSIONS:  
This thesis is focused on the palaeonvironmental and climatic changes occurred during the period 
between 130 and 70 ka (including the whole Last Interglacial Complex), with the aims to 
investigate the long-term climate variability, on the basis of high resolution pollen data from Lake 
Ohrid sediments (Albania/F.Y.R.O.M. border). Lake Ohrid is the oldest extant lake in Europe and 
one of most ancient in the world. The climate reconstruction obtained from pollen data is based on a 
wider interval, 160-70 ka. 
The pollen analysis of the uppermost 200 m of DEEP core sequence, covering the last 500 ka, have 
been investigated with a resolution of 1.6 ka and revealed an alternation between forested and open 
environment periods reflecting the glacial-interglacial cycles of the marine isotope stratigraphy (last 
12-13 only pro parte Marine Isotope Stages) and a progressive change from cooler and wetter 
interglacial conditions (before 288 ka) to warmer and drier ones towards the end (last 130 ka). This 
change suggest a shift towards Mediterranean climate, indeed from MIS 9, Mediterranean taxa 
become a stable presence.  
Besides the continuous and overrepresented presence of Pinus, the main ecological groups at Lake 
Ohrid during interglacials (forested phases) are mesophilous taxa, while during glacials (open 
environment phases), steppic taxa prevail together with a good persistence of trees. Changes in 
ecological groups indicate a clear organization in vegetational belts similar to the present 
environment, while the presence of arboreal plants nearby Lake Ohrid during glacial periods, 
suggests that the lake probably had a role on moisture supply by favoring the existence of refugia 
for arboreal plants. 
The preliminary results from DEEP long sequence have raised several issues that only with the 
improvement of analyses through high-resolution studies was possible to corroborate. 
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The high-resolution (400 yr) pollen analysis of LIC, not only confirmed the hypothesis of the 
presence of plant refugia around Lake Ohrid, but provided also new data from a key period for 
discussion on future climate. 
The model age for the entire Lake Ohrid sequence is based on the use of tephrostratigraphic 
information, cyclostratigraphy, and orbital parameters. A correct chronology for the Last 
Interglacial Complex and in particular for the transition between MIS 6 and MIS 5 was possible 
thanks also to data from this thesis, by comparing pollen data from the same period with other 
proxies coming from DEEP sequence. A good correlation between Lake Ohrid environmental 
changes and other terrestrial/marine records from a wider region was established. This makes Lake 
Ohrid important as it can be of help to improve the time control for other records for which such 
chronological constrains are not available.  
Pollen results revealed that the penultimate glacial (high-resolution palynological study is still in 
progress) was characterized by low pollen concentration values and dominant herbaceous plants, 
with a shift from grassland dominated environment (Poaceae and Cyperaceae) to a steppe 
dominated one with prevalence of Artemisia, Chenopodiaceae and Asteroideae in the last part (since 
160 ka). Climate reconstruction for this last part of the glacial (160-128 ka) detected a series of 
climatic abrupt changes, probably ascribable to the climate variability occurring at the end of the 
glacial periods. This interpretation is in line with other proxies from the same lake and from 
European, North Atlantic and Greenland records.  
Concerning the Last Interglacial Complex, pollen analysis from DEEP core have made possible to 
complete the knowledge about vegetational and climate change successions at Lake Ohrid, respect 
to previous studies on the same basin (JO2004 core, Bordon, 2008 PhD thesis), becoming a new 
reference record for MIS 5 in southern Europe. Indeed, considering the investigation on climate 
reconstruction, as mentioned in the introductive paragraph, only one record located in southern 
Europe (45° lat. N) has been investigated (Lago Grande di Monticchio. Allen et al., 2000). 
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The LIC includes, besides the Eemian, the succession of stadials (Melisey I and II, stadial I and II) 
and interstadials (St. Germain I and II, Ognon I and II) of the Early Last Glacial phase. This 
alternation between cold and drier period and warmer and wetter ones at Lake Ohrid is reflected by 
the vegetation with an interspersed succession between open environment, characterized by 
prevalence of steppic taxa and persistence of arboreal ones and forested periods, characterized by 
mesophilous trees (montane taxa become rather important during St. Germain I) and corroborated 
by quantitatively-based climate reconstructions.  
 Lake Ohrid pollen record results and climatic information inferred from it are coherent with other 
bio-geochemical proxies obtained from the same core, with other European and Near Eastern pollen 
records, and with hydrological records from the central Mediterranean. They all indicate a prompt 
response of the vegetation to fluctuations in moisture availability and temperature changes. At a 
wider scale the several vegetation contractions together with colder and drier events that occur 
during the Early Glacial are correlated to the succession of cold events and glacial advances/retreats 
detected in the northern Atlantic Ocean and in the Greenland ice core records, associated to the 
North Atlantic Meridional Overturning Circulation and atmospheric patterns. This suggests that 
both orbital-scale changes and millennial to centennial scale events are recorded at Lake Ohrid.  
Furthermore the continuous presence at Lake Ohrid of most arboreal taxa during stadials support 
the presence of refugia areas for mesophilous and in minor part for montane taxa in the nearby 
region during the glacial and LIC stadials.  
Concerning the Last Interglacial, a rapid increase in arboreal taxa characterizes the transition from 
glacial to interglacial conditions. The Eemian forested phase occurs after 128 ka, when AP exceeds 
50 %, more or less coinciding with other European and Mediterranean records. 
Pollen analysis and climate reconstructions based on Lake Ohrid sediments identified three key-
phases for the Last Interglacial with a slight different timing: an initial phase (between 128 and 
125/121 ka) with a rapid increase in temperature and precipitation (the climate optimum for 
mesophilous forests), a central phase (between 125/121 and 118.5/118 ka) characterized by a slight 
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cooling and increase in precipitations (Carpinus betulus expansion), and a latter phase (between 
118.5/118 and 112 ka), with a decline both in temperatures and precipitation (new increase of 
mesophilous with montane taxa). 
The chronological difference is related to the data used for the interpretation: developments of 
vegetation are detected by pollen; inferred climate parameters probably better define climate 
changes inducing changes in vegetation. 
My results evidenced once more that Eemian was not a stable period, but that it was characterized 
by several climate oscillations especially towards the final part (since 125 ka). This change maybe 
ascribed to interglacial variability, in line with other hydrological and temperature records from the 
Mediterranean and the North Atlantic, suggesting the persistence of teleconnections between the 
two regions also during the period of low ice volume. 
The end of the Eemian forest at Lake Ohrid is dated at 112 ka, in line with the other southern 
European records. Indeed the Eemian duration was shorter at north of the Alps and Pyrenees, while 
at the South, long term conditions occurred. Forest persisted until 112-110 ka, for several millennia 
after the establishment of opening vegetation in northern Europe, recorded at ca. 115 ka. 
Instead, the climate tripartition observed at Lake Ohrid is consistent with northern European records 
(i.e. La Grande Pile), while as reported by studies based on climate reconstruction of southern 
Europe record (Iberian Margin, Lago Grande di Monticchio and Ioannina), in the south 
temperatures remain quite stables.  
Climate reconstruction inferred by pollen data from this thesis has revealed that despite Lake Ohrid 
is situated in southern Europe, at the border with Mediterranean area, it records also the general 
features of northern Europe sequences. Anyway the scarce availability of information for southern 
Europe requires an implementation of studies based on climate quantification. 
In conclusion, on the basis of general and high-resolution data from DEEP core, Lake Ohrid can be 
considered a key site for the comprehension of climate changes during glacial/interglacial cycles. 
By comparing DEEP record with other European and Near Eastern pollen sequences and with 
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benthic and planktic isotope data, similarities and matches were noted, revealing a good response of 
the lake to fluctuations in climate providing furthermore new evidence for LIC and Eemian climate 
and for the connections between ice sheets dynamics, North Atlantic conditions and hydrological 
patterns of Mediterranean region. 
Perspectives: 
The comparison of reconstructed climatic data from the Last Interglacial Complex with climate 
models was not carried out yet. Anyway, I hope that in the future it will be possible to develop also 
this aspect, also in consideration of the importance to plan scheduled actions in defense of the 
environment and human life in view of global warming. 
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